We have cloned and characterized a novel cellular gene that is promoted by an intracisternal A-particle (IAP) LTR and expressed in the mouse placenta (mouse IAP promoted placental gene, MIPP 
INTRODUCTION
Mouse intracisternal A-particles (LAPs) are endogenous retrovirus-like structures containing a 7.2Kb genomic RNA, a 73KDa gag-equivalent protein, several other structural related polypeptides and a tightly bound reverse transcriptase activity. Genes coding for IAPs are members of a dispersed multigene family with approximately 1000 copies per haploid genome in Mus musculus (1) . They have the same overall structural organization as infectious retroviruses genes (2,3) with 5' and 3' long terminal repeats and coding sequences for the gag and pol domains (4, 5, 6) . These elements lack an env-like region and in this respect, IAP elements are similar to retrotransposons, such as Ty elements of yeast and copia of Drosophila (for a review, see ref. 7) . The IAP LTR contains all of the presumptive regulatory signals for promotion, initiation, and polyadenylation of transcription (8) . IAP genes are expressed during development in normal preimplantation embryos (9, 10, 11) and in many transformed cells including embryonal carcinomas (12) , hybridomas (13) and plasmacytomas (14) .
EMBL accession nos X58523 and X58524
Our previous studies have further demonstrated that IAP LTRs vary in their promoter activity and some are capable of bidirectional transcription (15) . In addition to directing their own transcription, IAP LTRs have the capability of promoting transcription of adjacent cellular sequences as found for LTRs of many retroviruses (16) and thus can act as endogenous mutagens and contribute to genetic variability. Two documented cases are the insertion of an IAP sequence into the intron of the kappa-light chain gene, thereby inactivating expression (17) , and the activation of the c-mos gene in the plasmacytoma XRPC24 by the insertion of an IAP gene in the 5' end of the c-mos coding region (18, 19, 20) . Recently it has been reported that the gene encoding the oncodevelopmental protein, oncomodulin, in the rat is promoted by a solo IAP LTR (21, 22) .
In this communication, we describe another example of cellular gene expression directed by an IAP LTR. A mouse IAP promoted placenta-expressed gene (MIPP) and cDNA were isolated. The entire MIPP cDNA sequence, along with the MIPP promoter sequence from a genomic clone were determined. A 'solo' IAP LTR was observed positioned directly ahead of the first exon of the MIPP gene. Northern blot hybridization analyses have further shown that MIPP mRNA and IAP specific RNAs are present in placenta but not in most other tissues studied. The initiation site of the transcript has been mapped to the U3/R boundary by primer extension analysis. The level of IAP expression in placenta in fact was found to be many fold higher than that in thymus, the only other tissue in which substantial levels of IAP transcripts were detected (23, 24 Cloning and sequencing DNA fragments were radiolabeled by the procedure of Feinberg and Vogelstein (26) . Plating and screening of the cDNA and genomic libraries were carried out as previously described (27) . Southerns were performed as follows. Prehybridization was carried out at 65°C for 2 hours in 5 xSSPE (1 x =0. 18M NaCl, 10mM sodium phosphate (pH 7.7), 1mM EDTA), 5 x Denhardt's solution (1 x =0.02% polyvinylpyrollidone, 0.02% Ficoll, 0.02% bovine serum albumin), 0.5% SDS, and 20ng/ml sheared denatured salmon sperm DNA. Hybridization was carried out at 65°C for 12 hours in the same solution with the addition of the denatured labeled probe at 1 x 106 cpm/ml. Positive plaques were purified by three subsequent rounds of screening and phage DNA was isolated using a standard liquid lysate protocol (28) . Lambda inserts were cloned into the plasmid pGEM3Z (Promega). Nested sets of deletions were constructed using exonuclease III and SI nuclease as directed by the manufacturer (Promega Erase-A-Base). All DNA sequencing was performed using the Sequenase(tm) (United States Biochemical Corp.) dideoxy chain termination procedure according to manufacturer's instructions using synthetic oligonucleotides complementary to the Sp6 and T7 promoter regions as sequencing primers. The sequences were aligned using the NUCALN sequence homology computer program as previously described (8) .
Animals and tissue preparation Outbred CF-I mice were obtained from Charles River Labs. Tissues were obtained from one month old mice of both sexes. To obtain placentas and embryos, CF-I mice were mated, and the day a vaginal plug was found was designated as day 0.5. On day 12.5 the conceptuses were isolated from the gravid uteri, and the placentas and embryos were dissected free of decidua and membranes.
Isolation of RNAs, Northern blots, and primer extension Total cellular RNA was prepared from tissues and cells according to the single step acid guanidium thiocyanate phenol chloroform extraction procedure of Chomczynski and Sacchi (29) . Poly (A)+ RNA was isolated using Amersham's Hybond mAP according to the manufacturer's instructions. Total or poly (A)+ RNA was denatured in 50% dimethyl sulfoxide, 2.2M formaldehyde, 20mM sodium phosphate, pH 6.8, by heating at 65°C for 30 minutes. The denatured samples were separated on 1.5% agarose gels containing 2.2M formaldehyde, 20mM sodium phosphate (pH 6.8), stained in ethidium bromide in 0.05M sodium phosphate (pH 6.8), destained in the same buffer, photographed and transferred directly to a nylon membrane (Hybond-N). Prehybridization was carried out at 420C in 5 x SSPE, 50% formamide, 5 x Denhardt's solution, 0.1 % SDS, and 20ng/ml sheared denatured salmon sperm DNA. After 12 hours, the prehybridization solution was removed and replaced with fresh solution of 5 x SSPE, 50% formamide, 2 x Denhardt's solution, 0.1 % (w/v) SDS, 20 ng/ml denatured salmon sperm DNA, and the radiolabeled probe at 1-3 x 106 cpm/ml. Hybridization was carried out at 42°C for 12 hours. The filters were washed two times in 2 x SSPE, 0.1 % SDS for 15 minutes at room temperature, two times in 0.1 xSSPE, 0.1% SDS, 15 minutes each, once at room temperature, and once at 50°C. Filters were stripped of the probe by boiling the filter in a solution of 0.1 % SDS. As a control for loading and transfer, filters were stained in 0.04% methylene blue to visualize the RNA.
Primer extension analysis was used to map the 5' terminus of the RNA transcript. Thirty micrograms of total placental RNA was hybridized in 40mM PIPES (pH 6.4), 1mM EDTA (pH 8.0), 0.4M NaCl, and 80% formamide overnight with the 5' end labeled specific oligonucleotide 5'AGTACAGTCAAAGAT3' at 47°C. The primer extension was performed essentially as described by Sambrook et al. (28) . The product of the extension reaction was analyzed on a 7M urea/6 % polyacrylamide denaturing gel.
Zoo blot
Genomic DNAs were a gift from Steven Quirk. 10 Ag of genomic DNA was digested with EcoRI and run out on a 1 % agarose gel. Southern analysis were performed as described above in the screening and cloning section. The low stringency wash was a 1 x SSPE/0. 1 % SDS 50°C for 30 minutes and the high stringency wash was in 0.1 xSSPE/0.1% SDS at 50°C for 30 minutes. TCACCCCCGCTGTGGATTGGGAGTATGTGTGTGCTACGGGGCAATCTATGCITrGGGTGGUGTGGGTGGA 280 
RESULTS
Sequence analysis of MIPP cDNA reveals the presence of two U5 regions of IAP LTR at its 5' terminus To search for cellular genes that may be transcriptionally regulated through the IAP promoters during early mouse development, a restriction fragment containing only the US region from the IAP LTR was used to screen an 8.5 day mouse embryo cDNA library. Twelve lambda clones were chosen and plaque purified. Southern hybridization with probes specific to the internal regions of the IAP genome and the U3 region of the IAP A 7 9 II ! Sol T 2 3 4 5 6 7 8 9 10 11 12 13 14
LTR revealed that 11 of the 12 clones contained IAP genes. One cDNA clone, however, failed to hybridize to these probes and therefore represented a possible candidate for a US-linked cellular gene. This cDNA, designated MIPP, was subcloned into the sequencing vector pGEM 3Z and both strands of a subclone were sequenced in its entirety (Fig. 1) . The sequence of the MIPP cDNA features characteristics of eukaryotic mRNAs such as a perfect AATAAA polyadenylation signal located 18 bases upstream from the 'CA' polyadenylation site and a partial poly (A) tail in its 3' end. In the upstream region of MIPP are two copies of IAP LTR U5 sequences along with 12 bases of the 3' end of the corresponding R region. The first US is a complete U5 whereas the second copy has the first 5' 13 bases of US missing and is referred to as the deleted U5 (dUS). The five bases, ATTGG, separate the two U5 copies. One of the three forward reading frames of MIPP is free of multi-termination codons and has the potential of coding for a polypeptide. ._ _ _ Of 3 hour exposure. With a longer exposure (14 hours), similar transcripts were present in thymus and testis RNA but in greatly reduced amounts (Fig. 3b) . As a control for the amount of RNA loaded and the efficiency of transfer, the filter was stained to visualize the RNA (Fig. 3c) .
Transcription of the MIPP gene is initiated at the U3/R boundary of the LTR Primer extension experiments were used to determine the initiation site for the MIPP transcript in placenta (Fig. 4) . A 15 base pair oligonucleotide complementary to the 5' end of the coding sequence (Fig. 1) , generated a major extended product of approximately 213 base pairs. The result is consistent with initiation occurring at the U3/R boundary of the LTR. This is the characteristic start site for transcription promoted by IAP LTRs (15) .
MIPP protein has a forty-eight amino acid repeat unit The amino acid sequence of this protein is interesting in that it consists of four 48 amino acid repeat units. A vaccinia virus protein sequence, C2L, (31,32) that contains a similar repeat structure was discovered by a search of Genbank. The two proteins share 24.3% identity in a 189 amino acid overlap within this region. An alignment of the repeated structures is shown in Figure 5 . (21, 22) . It is known that certain regions of the DNA more prone to transpositional events are known as 'hot spots' in the chromosomes (16) . The fact that we have a B 1 element, another known repetitive element that is suspected of transposing throughout the genome (34) leads us to believe that the MIPP locus may indeed represent a 'hot spot' for genetic rearrangement.
In the mouse, IAP genes are poorly expressed in normal tissues with the exception of thymus, where expression is strain-specific (24) . We report here the finding of IAP transcripts in mouse placenta along with MIPP transcripts. Of the normal CF-l mouse tissues we studied, abundant IAP transcripts were found only in the placenta. This result is in agreement with the recent report of Djaffar et al. (35) , who detected high levels of IAP related transcripts in rat placental tissues. A high degree of placental expression has also been reported for the IAP promoted oncomodulin gene in the rat (21, 22) . IAP genes are also known to be highly transcribed in many mouse tumor cells. We have shown that in MOPC-315 where IAP transcription is abundant (25), a 2.2Kb RNA species hybridizes to the MIPP probe at about the same intensity as the 1.2Kb placental transcript. Upon longer exposures, the 2.2Kb transcript can be seen in the placenta RNA, although at much lower intensity. This larger transcript could represent an unprocessed or alternately processed form of the MIPP RNA. Another possibility is the larger transcript represents expression of a different allele of MIPP. Current work is ongoing to better characterize this larger transcript.
In the case of the MIPP gene, we are confident that transcription is driven by the IAP LTR in the placenta for the following reasons: i) U5 sequences are present at the 5' end of the cDNA and these are identical to those of the LTR in the genomic clone. ii) the MIPP is transcribed in the same mouse tissues as IAP genes. iii) The MIPP transcript size (1.2Kb) is consistent with the size expected (given a poly (A) tail of 250 residues) if initiation is within the IAP LTR. iv) Primer extension with a specific primer maps the initiation site to the U3/R boundary of the LTR.
The MIPP protein consists of four segments which appear to have diverged from a common ancestral domain. A (36) .
The macrophage mannose receptor contains eight repeats related in sequence to the C-type carbohydrate binding domain of animal lectins (37, 38) . Two other endocytic receptors, the low density lipoprotein receptor (39) and the cation-independent mannose-6-phosphate receptor also have repeated binding motifs. In an analogous manner, MIPP amino acid repeat could be a region of some yet unknown biological functional importance.
We have shown that MIPP-related DNA sequences are present in all of the higher eukaryotes we tested, including human. It will be interesting to know what pattern of expression of the MIPP gene is found in other mammals. Our preliminary Northern analysis of human placenta RNA shows that a human counterpart of the MIPP transcripts does exist. If the same placental specific pattern of expression is seen in humans, an examination of the human MIPP promoter could lead to important insights into the role of retroviruses in evolution. Further experiments to assess MIPP's role in mouse placenta and other species are necessary.
